Abstract: Consider a multi-period multi-fare class airline booking problem related to a two-leg airline network. Travel requests include outbound, inbound trip, and round trips. The round-trip refers to a journey comprising both outbound and inbound trips. To develop a dynamic-nested booking decision-making system for the airline network, this study designs a dynamic model that enables the airline reservations system to devise a set of dynamic decision rules for any given booking status. The booking process is found to be controlled by some set of booking thresholds.
INTRODUCTION
Since the fare deregulation of the airline industry in 1978, many airline companies have used discriminatory pricing policies in order to segment potential customers into competitively relevant groups in order to maximize revenues. A common approach is to divide a pool of identical seats in the same cabin of a flight into several fare classes through different restrictions and charge different fares (c.f. Belobaba (1987) ).
In circumstances where the capacity of the aircraft is relatively fixed and cannot be changed in short notice, and the marginal cost of carrying an additional passenger proves relatively lower compared to high fixed costs incurred from passengers with reserved bookings, airline companies devise booking schemes in order to fill in vacant seats since those vacant seats upon departure time mean lost revenues.
Airline passengers can roughly be categorized into two groups: reserved passengers and go-show passengers. Reserved passengers book airline seats in advance. They have the right to board the airplane during departure time. Go-show passengers, on the other hand, appear on airline counters without reservations and can only book remaining seats after the check-in time of reserved passengers. Airline companies can raise revenues by opening and closing a variety of fare classes based on reservation status. The reservation status of customers is based on the customer's needs as well as the amount of fare they will pay.
One of the problems faced by airline companies lies in the seat inventory control. The seat inventory control determines the number of seats sold at different fare categories. In practice, customers make reservations randomly over time. Such behavior reflects the stochastic nature of airline passengers. It also prevents airline companies from predetermining future booking requests. If airline companies accept bookings of customers regardless of fare class, they may lose revenues from customers willing to pay higher fares. On the other hand, if airline companies reject most of the lower fare booking requests, they run the risk of flying with many vacant seats.
Reserved passengers who do not show up during departure time are called "noshow passengers". "No-show passengers" fail to use reserved accommodations for reasons such as missed connections and traffic tie-ups. They may also be passengers who suddenly decided to cancel their reservations prior to departure time. The occurrence of cancellations means loss of revenues for the airline companies since companies cannot immediately replace the cancelled booking with another customer.
Faced with such stochastic behavior and the necessity of filling up vacated seats, airline companies overbook flights. The challenge in overbooking flights lies in the extent to which overbooking policies should be employed. Although overbooking policies reduce the likelihood of taking off with much vacant seats, they may also lead to difficult situations when the number of reservations exceeds the available seats at the time of departure. In such cases, airline companies not only lose customers but also have to deal with the fact that they must offer some form of compensation to the customer.
In order to aid the airline's seat inventory control and overbooking policy, airline officials employ the revenue/yield management concept. Revenue management is described as the application of inventory data and pricing strategies to maximize profit from a fixed number of resources (c.f. Weatherford et al., 1992) . This paper applies the revenue management concept to develop a round trip seat inventory control problem. Various models of revenue management have been proposed to determine booking policies for various types of seat inventory control problems. The seat inventory control structure can be categorized into the separated structure and the nested structure.
In a separated structure, the booking period is regarded as a single interval. Airline personnel must set a booking limit for every fare class at the start of the booking process. The sum of the booking limits for every fare class must be equal to the total booking capacity of the flight. The weakness of this structure lies in the fact that requests for higher fare classes may be denied even though seats are still available in lower fare classes.
In a nested structure, requests for higher fare classes can be accommodated if seats are available in lower fare classes. The nested structure can be further divided into two: the static nested structure and the dynamic nested structure. In the static nested structure, booking limits are set at the beginning of the booking period. In the dynamic nested structure, booking limits are updated during the booking period depending on the actual booking status. storage. Building upon Gerchak's work, Lee, and Hersh (1993) developed a dynamic model for a single flight with multiple fare classes and multiple seat bookings.
The single leg airline seat inventory model above can be applied to determine a booking strategy for each trip in an airline network. However, passengers may simultaneously request multiple flight legs across an airline network. Thus, to maximize revenues the booking strategy for all trips in an airline network must be set simultaneously. Notably, large airline network booking controls are usually ineffective owing to computational barrier, data overflow, and so on. Therefore, current computer technology makes developing small airline network booking control systems preferable to building larger but ineffective systems. This study attempts to develop a booking policy for a two-leg airline network comprising outbound and inbound legs. The travel requests include outbound trip, inbound trip and round trips, where round trip refers to a journey involving outbound and inbound trips.
Developing a means of allowing round trip requests is the key difference between this paper and previous ones. The problem is solved by using the dynamic approach to create a two leg airline seat inventory control model in which demands are modelled as a stochastic process. The proposed dynamic model sets the booking policy for each booking class according to the actual bookings throughout the entire booking process.
This work aims to maximize expected revenue. It is found herein that booking policy can be reduced to a set of critical values, including the following information: which fare classes should be opened for sale within each trip (that is, whether to accept a request for a fare class in each trip).
The rest of the paper is organized as follows: Section 2 outlines all assumptions made and formulate the problem as a dynamic programming model. Section 3 analyze the novel model and determine the optimal booking policy. The analysis reveals that the booking policy can be controlled by using a set of critical booking values, called booking limit. Section 4 then demonstrates the properties of the novel model using a numerical example, and finally, Section 6 presents conclusions.
MODEL ASSUMPTIONS AND FORMULATION
Suppose an airline company has the right to fly passengers between two cities and is permitted to sell tickets to customers requesting an outbound trip from city A to city B, an inbound trip from city B to city A, or a round trip that includes both outbound trip and inbound trips. Furthermore, assume that the airline tries to develop an optimal booking policy for two scheduled flights, including an outbound flight with a booking capacity of 1 I and departure time of o t , and an inbound flight with a booking capacity of For convenience, the total planning horizon is divided into T decision periods which are sufficiently small that no more than one customer arrives during each period. Additionally, the periods are counted in reverse time sequence and it is assumed that the departure times of the outbound and inbound flights are at the end of periods 1 t and 1, respectively. Let 1 2 , i i and 2 1 2 min{ , } i i i = denote the seats available on the outbound, inbound and round trips, respectively. Let j tl λ represent the probability that a request for fare class l in trip j will arrive during decision period t with
and let ( ) t v i denote the maximum total expected revenue that can be generated within t periods when i seats remain. Eq. (1) is then produced
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DECISION ANALYSIS
This section analyzes the novel model and develops the optimal booking policy. A policy is termed a booking-limit policy when a request for a certain class is accepted if and only if the total number of reservations immediately preceding reservation requests is less than the booking-limit value for that class. The following demonstrates that the optimal booking policy is also a booking-limit policy. First, Eqs. (2) and (3) are rewritten in the following simple form. 2  2  2  2  1 1  2  1 1  2   3  3  3  3  3  1 1 2  1 1 2  1   3  3  3  3  1 1  2  1 1 
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Substituting inequalities Eqs. (7)- (9) into (6) obtains
which completes the proof. ♦
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NUMERICAL EXAMPLE
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CONCLUSION
This investigation studied a seat inventory problem for multiple-fare classes on a simple airline network comprising outbound and inbound. Numerous noteworthy models have dealt with multiple flight leg problem. However, these have rarely considered round trip requests. Since customers can request round trips in real life situations, a dynamic model was proposed herein to deal with this problem.
This study aimed to develop optimal booking decisions-making that allow an airline reservation system to make timely decisions on whether to accept or reject a request. The analytical results demonstrate that the optimal booking policy is the booking limit policy, implying that data storage can be reduced.
The booking policy is that booking for each trip can be controlled using a set of critical booking capacities. Additionally, the booking policy for the round trip can be controlled using a set of critical booking periods, with the capability of further reducing data storage.
The novel model could be extended to include overbookings, no-shows, goshows and cancellations, and such extensions would be worthy directions for future research.
